The aim of this study was to estimate the age-specific incidence of cognitive impairment, no dementia and mild cognitive impairment (CIND/MCI) in a large, community-based sample of older African Americans in Indianapolis, IN. A longitudinal, prospective, 2-stage design was used with follow-up assessments 2 and 5 years after the baseline. A total of 1668 participants completed the 2-year follow-up and a total of 1255 participants completed the 5-year follow-up. The person-years method was used to calculate incidence rates. The age-standardized, annual incidence of CIND/MCI was 4.95% (CI=3.39-6.52) and the subtype of medically unexplained memory loss (single-domain and multidomain amnestic MCI) was 3.67% (CI 2.75-4.48). Rates increased with age (3.43% for participants aged 65 to 74 y, 6.44% from age 75 to 84 y, and 9.62% from age 85+ y), history of head injury [OR 2.37 (CI 1.31-4.29)], and history of depression ] while increased years of schooling was protective [OR 0.91 (CI 0.85-0.97)]. Rates did not vary substantially by sex. Almost 1 in 20 elderly community-dwelling African Americans, and almost 1 in 10 of the oldest-old (85+ y) developed CIND/MCI each year in this cohort. Risk factors of age and education suggest exposures or mechanisms at both ends of the life span may be important variables in onset of CIND/MCI.
A variety of approaches to classifying the intermediate stage between normal cognitive aging and dementia have been proposed. Cognitive impairment, no dementia (CIND) 1,2 and mild cognitive impairment (MCI) 3, 4 are very similar concepts that describe syndromes seen in older adults encompassing a broad array of cognitive symptoms that are presumed to have multifactorial causation. Particular interest in CIND and MCI stems from the fact that, in some persons, this condition represents an early or prodromal phase of dementia and as such may offer a window for early interventions to forestall or prevent dementia.
Large, community-based studies suggest that the prevalence of CIND and MCI may range from 3% to 27%. 1, 2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Studies with lower rates tended to have a narrow case definition (eg, single domain MCI), younger cohorts, or 2-stage designs that did not sample for false negatives. Persons with CIND/MCI develop dementia, 2 enter nursing homes, 18 and die 12, [18] [19] [20] at higher rates than cognitively normal elders.
We reported earlier the prevalence of CIND/MCI and amnestic MCI in a very large, community-based sample of older African Americans 2 and now estimate the incidence of CIND and MCI and the impact of demographic and health variables as risk factors in a 5-year follow-up of cognitively healthy persons in this cohort.
METHODS

Sampling Frame
This project was approved by the Indiana University Purdue University Indianapolis institutional review board. Participants came from the Indianapolis site of the Indianapolis-Ibadan Dementia Project, a longitudinal study of aging and dementia (see Fig. 1 and Refs. 21, 22 for details). In brief, the geographic target area consisted of 29 contiguous census tracts in Indianapolis, Indiana in which African Americans represented 80% of the population in the 1990 US census. This region is representative, in terms of age, sex, and socioeconomic status, of all African Americans in the state of Indiana. A 60% random sample of residential addresses in these tracts was conducted with eligibility as follows: (1) residence at sampled address, (2) self-reported African American ethnicity, and (3) age 65 years and older.
the East Boston Memory Test 29 and assess the dimensions covered in the DSM-III-R and ICD-10 criteria for dementia. A discriminant function score was derived from the combination of cognitive and informant scores that best discriminated between demented and nondemented participants in pilot studies. 23 On the basis of the discriminant function scores (cognitive scores when informant scores were not available), scores were classified as indicating good performance (discriminant function scores <0.120, cognitive scores >29.5), intermediate performance (discriminant function scores >=0.120 and <0.184, cognitive scores >28.5 and 29.5), and poor performance (discriminant function scores >=0.184, cognitive scores <=28.5). Selection for clinical assessment was based on the CSI-D performance group. One hundred percent of the poor performance group was selected for clinical assessment while participants were randomly sampled from the intermediate group until 50% had clinical assessments and from the good group (weighted for 75% aged 75 y or older) until 5% had clinical assessments. At baseline, the percentage of participants in each of performance group was as follows: good performance=80.6%, intermediate performance =7.6%, and poor performance=11.8%. Weighted logistic regression was used to account for different probabilities of selection into the sample for clinical assessment. 30 The modeling procedure provides variance estimates for agespecific rates and was used by our group to document incidence of dementia and Alzheimer disease in this same sample. 22 The clinical assessment consisted of an examination by a clinician (physician or nurse), structured informant interview, and cognitive testing. The clinician examination included physical, neurologic, and mental status examinations. The informant interview is a structured interview adapted from the CAMDEX, 31 conducted by a research nurse, with a family member who knows the participant well to probe for cognitive symptoms and current performance in daily functioning. Participants were assessed with the Consortium to Establish a Registry for Alzheimer Disease (CERAD) neuropsychologic battery 32 Alzheimer Dis Assoc Disord Volume 25, Number 1, January-March 2011 Incidence of CIND and MCI in African Americans diagnostic adjudicators (which included geriatric psychiatrists, neurologists, and neuropsychologist) on the consensus panel. The panel was aware of the possibility of spurious and contradictory information within and across elements of the clinical assessment. Diagnostic criteria (described below) were interpreted in light of the totality of the clinical context and with appreciation for variability in the reliability and validity of information. Local norms were used to guide interpretation of the cognitive test battery. 33 Diagnosis of dementia was made according to DSM-III-R criteria. 34 Criteria for CIND/MCI were as follows: informantreported decline in cognition, clinician-detected impairment in cognition on physical and neurologic exam, or cognitive test scores 1.5 SD below the mean of the normative reference sample and; and normal instrumental and basic activities of daily living (based on informant interview). 2 The cognitive decline needed to be clinically significant and could occur in any cognitive domain. Within the major CIND/MCI category, subtyping occurred at the level of presumed etiology. Participants with prominent memory impairment that was not otherwise medically explained constituted a subgroup felt to be likely to have prodromal Alzheimer disease. These participants could also have had mild impairments in nonmemory cognitive domains. This group includes participants with single-domain and multidomain amnestic MCI. Other CIND/MCI subtypes included: stroke/cerebrovascular disease (CVD), alcohol/ substance use, medical illness, and other/indeterminate.
Longitudinal Follow-up
An attempt was made to rescreen all nondemented participants from the initial prevalence wave at 2-year and 5-year follow-up assessments. The 2-stage design was implemented at each follow-up wave with consensus diagnosis of all available clinical assessment data.
Statistical Analysis
The person-years method of incidence estimation 35 was extended to take into account sampling for clinical assessment used at each study wave. Person-years at risk for each study participant were calculated as the length of follow-up time between the first and last evaluation for participants who did not have a CIND/MCI or Dementia diagnosis during follow-up and as the midpoint between the time of CIND/MCI or Dementia diagnosis and an earlier Normal diagnosis. Predicted probability of incident CIND/MCI was derived using a weighted logistic regression model accounting for sampling schemes for the 2-year and 5-year evaluation separately. 30 Age at evaluation, sex and current CSI-D performance group standing were included as covariates in the weighted logistic regression models. The number of CIND/MCI cases at each follow-up wave was estimated by summing predicted probability of being CIND/MCI at each specific wave adjusted by the predicted probability of being CIND/MCI or demented at an earlier wave over all participants. We have used a similar approach to estimate incidence of dementia and Alzheimer disease in this cohort. 22 The incidence rates for a specific age group were calculated as the total estimated number with incident CIND/MCI divided by the total person-year at risk for that age group. Because the rates were derived using a complex modeling approach, we used a nonparametric approach, the jackknife variance estimator, to estimate the standard error of incidence rates. Age-standardized overall incidence was obtained by applying the estimated age-specific rates to the age distribution of African Americans residents in Indianapolis observed in the 1990 census: 60% aged 65 to 74 years, 30% aged 75 to 84 years, and 10% aged 85 years or older. The variance of the overall rate was calculated as a weighted mean of the variances of the age-specific rates. Ninety-five percent confidence intervals for the incidence rates were constructed based on asymptotic normality of the estimates.
To identify any factors associated with attrition, participants were divided into 4 mutually exclusive groups: (1) participants who completed follow-up and contributed to the estimation of incidence by being either an incident CIND/MCI case or having at least 1 follow-up; (2) participants with prevalent Dementia (n=65) or prevalent CIND/MCI who did not convert back to normal at the 2-year follow-up wave (n=89 of 105); (3) participants who died before follow-up; and (4) the participants who were lost to follow-up after the prevalence wave. Participants in the latter 3 groups were excluded from incidence estimation. Baseline characteristics were compared with 1-way analysis of variance models for continuous variables and w 2 test for categorical variables with Scheffe test comparing the participants who completed follow-up to the other 3 groups in a post hoc analysis.
Odds ratio estimates for incident CIND/MCI were derived as follows. The participants who were either Demented or CIND/MCI at prevalence and did not convert back to Normal were excluded from the analysis. The remaining participants were divided into 2 groups: incident CIND/MCI and cognitively Normal. The comparison group comprised participants who were clinically assessed as Normal and those who were in the good performance group on their most recent incidence wave screening.
Potential risk factors including baseline characteristics and age at diagnosis were analyzed univariately for the association with incident CIND/MCI using Fisher exact tests for categorical variables and t tests for continuous data. Variables with a P-value greater than equal to 0.10 were included in stepwise logistic regression models for incident CIND/MCI keeping only the variables with a P-value of less than equal to 0.05. Odds ratios, 95% confidence intervals, and P-values were obtained from the final models. Unweighted logistic models were used in this analysis as the odds ratio estimates for the risk factors remains unbiased under the 2-phase sampling plan. 36, 37 
RESULTS
The number of participants at each study wave including number lost to follow-up and the reasons for attrition are shown in Figure 1 . Out of the 2212 participants enrolled at the prevalence, 154 (7.0%) were excluded from the incidence rate calculation owing to baseline dementia (n=65) or baseline CIND/MCI that did not convert back to normal (n=89), 159 (7.0%) participants died before the 2-year follow-up evaluation, and 172 (7.8%) were lost to follow-up (61 refused the 2-year evaluation, 153 participants were lost to follow-up at the 2-year evaluation and 103 of them were also lost at the 5-year evaluation. Eight of the 17 baseline CIND/MCI participants who converted to normal at 2 years were also lost to follow-up). A total of 1668 participants completed the 2-year follow-up and a total of 1255 participants completed the 5-year follow-up. A total of 1727 participants (those completed the 2-year evaluation (1668) and 59 participants rescreened at the 5-year evaluation) were included in the analysis. Table 1 shows the baseline characteristics of the 4 groups of study participants and thus provides information on factors associated with attrition. The participants who Completed Follow-up tended to be younger, have more years of education, have better CSI-D Informant Scores (ratings of daily function), have better CSI-D Cognitive Scores, have higher rate of self-reported hypertension and have lower rates of self-reported stroke than the group with Prevalent Dementia or CIND/MCI. The participants who Completed Follow-up also had better CSI-D Informant Scores (ratings of daily function), have better CSI-D Cognitive Scores, lower rates of heart attack and stroke than the group that Died before Follow-up. The group that Completed Follow-up had higher proportions of female participants and better CSI-D Cognitive Scores than the group that was Lost to Follow-up. Table 2 shows the clinical diagnoses as a function of CSI-D screening group (good, intermediate, or poor) at the 2-year and 5-year follow-up. A total of 88 participants were diagnosed as having incident CIND/MCI (26 in the first wave and 62 in the second wave). The CSI-D performance groupings were defined to detect dementia and not unexpectedly incident cases of dementia at each wave were predominately from the poor performance group. Participants diagnosed as Normal at the incident waves came from each performance group whereas the incident CIND/MCI cases tended to come from the poor and intermediate categories.
The age-specific and age-standardized annual incidence rates of CIND/MCI are presented in Table 3 . The overall age-standardized annual incidence of CIND/MCI was 4.95% [95% confidence interval (CI) 3.39-6.52]. The incidence rate increased with increasing age, from 3.43% (CI 1.17-5.69) in the young-old (age 65 to 74 y), to 6.44% (CI: 4.18-8.69) in the old-old (75 to 84 y), and to 9.62% (CI: 5.62-13.62) in the oldest-old (85+ y). The age-standardized rate of CIND/MCI as a function of sex indicate the rate for women [4.73 (CI: 2.03-7.43)] is slightly but not significantly higher than the rate for men [4.35 (CI: 1.98-6.72)]. The CIND/MCI subtype of medically unexplained memory loss (combined single-domain and multi-domain amnestic MCI) was the most common subtype accounting for 53% (60%) of incident cases and an standardized annual incidence of 3.67% (CI: 2.75-4.48). The remainder of the incident cases was composed of participants with CIND/MCI owing to medical illness 11 cases, stroke/cerebrovascular disease 9 cases, alcohol/substance use 6 cases, and other/unknown causes 9 cases. Figure 2 shows a comparison of the age-standardized incidence rates for CIND/MCI and dementia in this cohort. CIND/MCI does have a slightly higher overall annual incidence rate than dementia (4.95% vs. 3.24%). The increase in rates is greater in the younger age groups after which they seem to converge.
The t tests and Fisher exact tests were used to identify risk factors for incident CIND/MCI compared to the combined group of noncases (those diagnosed as Normal and the good performance group who was not clinically assessed) using demographic and health history factors. The health history was drawn from self-report and informantreport at the baseline CSI-D and included: age at diagnosis, sex, education, occupation, rural residence to age 19 years, alcohol use, smoking, body mass index, and history of diabetes, hypertension, heart attack, stroke, head injury, cancer, Parkinson disease, and depression. Significant univariate effects were noted for age, years of education, rural residence to age 19 years, white collar occupation, history of head injury, and history of depression. These variables were entered into a stepwise logistic regression model and the final results revealed that older age at diagnosis, history of head injury, and history of depression were risk factors for incident CIND/MCI while more years of education was protective ( Table 4 ).
DISCUSSION
In this sample of older African Americans, the incidence of CIND/MCI, a broad syndrome of cognitive impairment short of dementia, was 4.9% per year in participants aged 65 years and older and 9.6% per year in participants aged 85 years and older. Almost 1 in 20 of all older adults in this cohort and nearly 1 in 10 of the oldestold were diagnosed with CIND/MCI each year. The major subtype, medically unexplained memory loss (combined single-domain and multidomain amnestic MCI), had an overall age-standardized rate of 3.7% in this cohort. Older participants and those with fewer years of schooling, history of head injury, and history of depression had significantly greater odds of developing CIND/MCI. The overall incidence of CIND/MCI is slightly higher than the incidence of dementia at least in the younger age groups in this cohort with rates converging among the oldest-old. 22 Although our mortality and lost to follow-up rates were quite low, the baseline characteristics of the study participants who were followed up (compared with those who were not) suggest that our observed incidence rates could be low estimates.
Our CIND/MCI incidence rate of 4.9% is consistent with the 5.2% rate reported among older African Americans living in New York City 38 and the 4.5% rate reported among Swedish elders in the Kungsholmen project 39 ; however, the Leipzig Longitudinal Study of the Aged (LEILA) 9 among older Germans did report a higher incidence rate of 7.7%. The LEILA study used a broader case definition (less stringent threshold for test impairment, ie, test scores below À 1.0 SD of the mean) and had an older entry age (75 y) which would tend to push the rates higher.
Our incidence rates for medically unexplained memory loss (ie, combined single-domain and multidomain amnestic MCI) are a bit higher that those reported from the New York group (3.7% vs. 2.3%) and a fair bit higher than the 1.1% rate for amnestic MCI rate in the Kungsholmen project. The sampling frame for Kungsholmen is notable in the removal not only of prevalent dementia cases but also any participants with memory complaints, 0/3 recall on the MMSE, and those with low MMSE, all of which would have the effect of lowering the incidence rates. Three other European studies also reported lower amnestic MCI rates than we observed. A Finnish community-based study reported an incidence rate of 2.5%, 40 the Italian Longitudinal Study on Aging (ILSA) 41 reported a 2.2% incidence rate, and the Personnes Age´es Quid (PAQUID) 42 study reported a 0.9% incidence of amnestic MCI. Sample and method differences may explain some of the variation in rates. For instance, the Finnish study had a young age at entry (60 y) and the ILSA used a restrictive definition of amnestic MCI, both of which could contribute to lower rates. The PAQUID study had anomalous findings beyond very low incidence rates (no age effect, reversed education effect, marked diagnostic instability over time) that suggest that the psychometric-algorithm approach to case definition used in that study may have resulted in unusual diagnostic grouping ( Table 5 for a summary of incidence rates by study).
Despite variability in the demographics of the cohorts and the nature of the diagnostic criteria, several large-scale, epidemiologic studies are reporting CIND/MCI annual incidence rates in a fairly tight range from 4% to 8% and amnestic MCI rates from 1% to 3% per year. The risk factors of incident CIND/MCI tend to be the same as those for dementia and Alzheimer disease (ie, older age and lower education and, less strongly, female sex) which is not unexpected as CIND/MCI is presumed to include cases with early AD.
Our identification of older age and lower education as a risk factor is consistent with other studies 9,39-41 and suggests that exposures or mechanisms at both ends of the lifespan may be important determinants of CIND/MCI. The age effect is well known in dementia and AD and it is not surprising to see it surface in the context of CIND/MCI. Ageassociated neurodegeneration and cerebrovascular mechanisms are the likely drivers of this effect. The risk that lower education confers is likely multifactorial including racial segregation-based barriers to education, employment, and access to health and social services. 43 Educational resources for rural African Americans during this era have been documented to be low 44 and our earlier work had suggested an interaction of lower education and rural residence in childhood as a risk factor for prevalent Alzheimer disease. 43 The risk conferring effects of head injury have been documented in some but not all studies of dementia and Alzheimer disease possibly through a diminishment in cognitive reserve or an interaction with APOE genotype. 45, 46 Depression has been cited as a potential prodromal symptom of Alzheimer disease and also as an independent risk factor that may alter neural reserve in some pernicious way. 47, 48 Our study does have limitations. The follow-up interval of 2 to 3 years is long enough that a small number of participants could have developed incident CIND/MCI and died before follow-up. As a result, the rates we report could be slightly underestimated compared with studies with a shorter evaluation interval. Also, the CERAD-based neuropsychologic battery that we used lacks sensitive measures of attention and executive function and the participants with impairments in these cognitive areas may have been missed. Although our unadjusted frequency of incident CIND/MCI owing to stroke of 10.2% is slightly above the 9.8% rate found in the predominantly White sample in the Canadian Study of Health and Aging, 49 this could represent an underestimate as our methods for detecting cerebrovascular disease were limited to report of clinical stroke and neurologic examination for focal and lateralizing signs (no MRI of the head was taken as part of the clinical assessment).
Also, our measurements of attention and executive function, which are important to diagnose CIND/MCI-caused cerebrovascular disease, were limited. Finally, prevalent CIND/MCI cases were included in the follow-up owing to the known fluctuation in outcome in this group. Our analytic approach includes those prevalent CIND/MCI who revert back to normal in a later evaluation as "at-risk" for developing incident CIND/MCI. This is the standard statistical approach for a reversible event or outcome.
Clinically significant cognitive impairment below the threshold for dementia is a major risk factor for development of dementia and constitutes an important target for early intervention and management. This study provides important information about incidence of CIND/MCI in an urban, community-based sample of elderly African Americans. Given the ethnic diversity in the United States and elsewhere, it is critical to understand the epidemiology and the natural history of this condition in different populations if an appropriate public health policy is to be developed to deal with the impending public health crisis that is posed by cognitive impairment and dementia. 
